This study was undertaken to assess the effect of collateral circulation on myocardial blood flow (MBF) reserve (ability to increase myocardial blood flow with a stress that increases myocardial oxygen requirements). One The data suggest that intercoronary collateral vessels contribute insignificantly, statistically, to myocardial blood flow reserve. Bridge collaterals, however, do seem to contribute in selected patients.
C1, 2) were unable to increase MBF to the same extent as patients in groups A and B did. There was no difference between this group and those without collateral vessels and the same severity of disease. Fifteen patients with CAI of 175 or less (group C3, 4) had bridge collaterals and were able to increase MBF to a greater extent than those with no collaterals or with intercoronary collateral vessels. This same group of patients, in a parallel observation, showed less S-T-segment depression on treadmill exercise than patients with intercoronary collateral vessels.
The data suggest that intercoronary collateral vessels contribute insignificantly, statistically, to myocardial blood flow reserve. Bridge collaterals, however, do seem to contribute in selected patients.
Additional Indexing Words: Isoproterenol 84Rubidium Coronary blood flow T HE functional significance of the coronary collateral circulation has received increasing attention with the advent of arteriographic technics and with surgical efforts to increase myocardial blood supply. It has been shown that intercoronary collateral vessels are not protective in the sense that Coincidence counting their presence or absence apparently does not alter significantly the incidence of angina, myocardial infarction, and hemodynamic or ventriculographic abnormalities.'-3 On the other hand, the suggestion has been made that collateral vessels are responsible for the normal electrocardiogram seen in patients with coronary artery disease. 4 The presence of CORONARY COLLATERAL CIRCULATION collaterals has been shown to correlate with the severity of coronary obstructive disease5 in that collaterals have not been demonstrated cinearteriographically in patients without coronary artery disease or in those with less than 50% reduction in lumen. 4 To examine the effect of collateral circulation on myocardial blood flow reserve, or the ability to increase myocardial blood flow with a stress designed to increase myocardial oxygen requirements, patients, after classification by anatomic severity of coronary artery disease, were divided into groups depending on the type of collateral vessels. Myocardial blood flow was measured with a coincidence counting system and single bolus of 84RbCl at rest and during isoproterenol stress. Parallel observations were made on treadmill exercise performance.
Methods
In 100 patients undergoing selective coronary cinearteriographic studies for the diagnosis or evaluation of coronary arteriosclerotic occlusive diesase, the myocardial blood flow was determined while they were at rest and during isoproterenol infusion just prior to arteriographic study. All patients with a normal resting electrocardiogram had been tested on the treadmill a day or two before the blood flow and arteriographic studies.
The exercise-induced changes in the depression and slope of the S-T segment were quantitated with a digital computer. 6 The quantitated S-Tsegment changes were expressed in terms of an S-T index giving equal weight to the slope and the depression of the S-T segment. The larger the S-T index the greater the degree of segmental S-T depression.7
Criteria for an abnormal computer-quantitated S-T-segment index are (1) if S-T depression of 1.0 mm or greater and (2) the sum of S-T depression in millimeters and S-T slope in millivolts per second of zero or less. An example of a normal response would be:
S-T depression = -1.5 mm S-T slope = +2.5 mv/sec Sum of -1.5 and +2.5 = +1.0 S-T index An example of an abnormal response would be:
S-T depression =-2.5 mm S-T slope 4+1.5 mv/sec Sum of -2.5 and +1.5= -1.0 S-T index Only patients with normal resting electrocardiograms could be so quantitated.
All studies were performed in the morning with Myocardial blood flow (MBF) in ml/min/total heart was calculated by the formula:
where q (t) is the myocardial uptake of 84RbCl as measured by the coincidence counting system and 00 Ao(t)dt represents the concentration of the isotope in arterial blood during the first circulation, determined by extrapolation after recirculation begins. The experimental and theoretic background for this technic has been previously described.811 Reproducibility of this measurement of myocardial blood flow has been demonstrated (P <0.005) . 8 After the resting measurements, isoproterenol infusion was begun (3 to 5 ,ug/min), and the second measurements were made either when angina was induced or when the infusion had been given for 2 Group C Group C included 45 patients with coronary artery indices of 175 or less. Thirty-eight (84%) of these patients had collateral vessels. Twenty-three of these 38 patients (group Cl, 2) had collaterals of type 1 or 2 (table 3) . The average increase in myocardial blood flow with isoproterenol for this group was 5% + 16. The change was not significant (P > 0.1). Average resting cardiac output was 5.6 liters/min + 1.6 for the group. This increased an average of 39% ± 30 with isoproterenol to 7.5 liters/min (P <0.001). Average myocardial blood flow was 4.5% of the CO at rest and 3.6% with isoproterenol (P < 0.001).
Fifteen patients (group C3, 4) had type 3 or 4 collaterals. The average increase in myocardial blood flow for this group with isoproterenol was 42% ± 22 (P < 0.001). Resting myocardial blood flow was 211 ml/min + 64. Resting cardiac output was 4.7 liters/min ± 1.1 as an average for the group. This increased with isoproterenol to an average of 6.6 liters/min + 1.3 for an average increase of 43% (P < 0.001). Percent of cardiac output which was myocardial blood flow was 4.5 at rest and 4.4 with isoproterenol, an insignificant change. The data for group C3,4 are shown in table 4.
Seven patients without collaterals (group C0) had an average resting myocardial blood flow of 202 ml/min ± 48. This increased insignificantly (P> 0.1) with isoproterenol to an average of 225 ml/min ± 75 or 10%. Resting cardiac output (4.9 liters/min ± 0.8 average) increased to an average of 7.0 liters/min + 1.8 (P < 0.01) with isoproterenol. This was an increase of 42% (P < 0.01 ). The percentage of cardiac output which was myocardial blood flow was 4.2 at rest and 3.4 with isoproterenol (P< 0.01) (table 5).
Comparison of Groups
The groups were then compared as to the significance of the differences in values of myocardial blood flow, cardiac output, the percentage of the cardiac output which was Circulation, Volume XLVI, July 1972 myocardial blood flow at rest and with infusion of isoproterenol. The grouped data are summarized in table 6. There were no significant differences between group A and group B in the flow and output parameters, either atrest or with isoproterenol, nor were there significant differences between any of the groups in resting myocardial blood flow, cardiac output, or percentage of the cardiac output which was myocardial blood flow. The differences in myocardial blood flow and cardiac output in response to isoproterenol between group A patients and all patients in group C were significant at the P < 0.001 level; the latter group were unable to increase Circulation, Volume XLVI, July 1972 myocardial blood flow or cardiac output to the same degree as group A patients. There was also a significant difference (P <0.001) between group C1, 2 and group C3,4. Group C3, 4 increased myocardial blood flow on isoproterenol infusion an average of 42% as compared with an average of 5% for group C1, 2 There was no difference between the two groups, however, in the response of cardiac output to the drug. There were no differences of significance in any values between groups C1, 2 and Co.
Relative to the percentage of cardiac output which was myocardial blood flow, there were significant differences (P < 0.001) in group Abbreviations: CAI = coronary artery index; see text for derivation; A = no coronary artery disease; B = coronary artery index 175 or greater; C1,2 = coronary artery index 175 or less, type 1 or 2 collaterals; C3,4 = coronary artery index 175 or less, type 3 or 4 collaterals; Co = coronary artery index 175 or less, no collaterals. C3, 4) was also a significantly older age group.
There was no significant difference between any of the other groups in age.
Discussion
While it is difficult to compare the data on myocardial blood flow measured by the coincidence technic (which gives values in ml/min/total area of myocardium seen by the counters) with that secured by other techCirculation, Volume XLVI, July 1972 nics giving results in ml/min/ 100 g of left ventricle, there are some general areas of agreement. If one extrapolates the data from the nitrous oxide technic which gives average values for flow of 70 to 88 ml/min/ 100 g13 14 to a 300-g heart, our average value for patients without coronary artery disease of 239 ml/min/total heart is appropriate. 8 
